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stimulation in intracytoplasmic sperm injection (ICSI)
In our IVF programme, we have routinely used an ultrashort cycles, we conducted a prospective randomized study of 60 flare-up gonadotrophin-releasing hormone analogue (GnRHa) consecutive couples with severe male infertility admitted protocol in addition to the fixed clomiphene citrate/human for their first in-vitro fertilization (IVF) and ICSI attempt.
menopausal gonadotrophin (HMG) regimen (Kemeter and More cycles were cancelled after the ultrashort protocol Feichtinger, 1989) , the predominant method of ovarian stimula-(8/30) than after the modified suppression protocol (3/30), tion at our clinic. At present there is no agreement as to although the difference was not significant. There were no whether desensitization protocols of administration of GnRHa cases of severe ovarian hyperstimulation syndrome (OHSS) are superior to flare-up protocols in terms of oocyte numbers in the ultrashort group compared to three cases in the and pregnancy rates (Acharaya et al., 1992 ; Hughes et al., suppression group. The percentage of mature metaphase 1992; Tan et al., 1992) . The present study was designed as a II oocytes recovered in both groups was similar (88 versus pilot to examine whether the most important determinants of 86%), as were the fertilization or cleavage rates after ICSI.
success in ICSI differ between the ultrashort flare-up protocol In the ultrashort group, a total of 64 embryos was replaced used in our programme and a modified suppression protocol, in 22 transfers (mean 2.9 embryos per transfer), resulting and whether the results of ICSI are different between the two in three first trimester abortions and seven deliveries. In regimens. In developing the suppression protocol we attributed the suppression group, 11 deliveries were achieved after great importance to a simplified outpatient procedure to reduce transfer of a total of 75 embryos in 27 patients (mean 2.8 the number of visits and to avoid extensive monitoring. embryos per transfer). In conclusion, there was no apparent difference between the two GnRHa protocols in terms of Materials and methods oocyte quality and clinical outcome. However, because of the lower rate of severe OHSS, in our study the ultrashort Introduction sample size was not based on a power calculation, since the study The use of intracytoplasmic sperm injection (ICSI) in in-vitro was designed as a pilot study to gain first experiences with a fertilization (IVF) treatment cycles places special demands on modified suppression protocol, i.e. the overlapping administration of ovarian stimulation. Because the method can only be performed a contraceptive pill and a GnRH-agonist, regarding the number and on metaphase II oocytes, it is essential to use a stimulation quality of oocytes, the pregnancy rate and the rate of OHSS.
protocol that will enable the harvest of a high proportion of suitable oocytes. This is particularly important when ICSI is Ovarian stimulation used in conjunction with microsurgical epididymal sperm Patients were randomly assigned to one of two study groups using a table of random numbers. In both groups, a monophasic contraceptive aspiration (MESA) and testicular sperm aspiration (TESA),
Semen evaluation
Sperm samples were obtained from 60 patients by masturbation after at least 3 days of sexual abstinence. The classification of sperm defects was performed according to the criteria of the WHO (World Health Organization, 1992) using a Makler counting chamber for evaluation of concentration and motility and stained slides for evaluation of morphology. The classification according to semen characteristics is shown in Table I .
In five patients, a total absence of seminal spermatozoa was found as the cause of infertility. In one patient, spermatozoa were obtained by MESA and in three patients by TESA. One cycle was cancelled before TESA because of poor ovarian response.
Sperm processing
Sperm preparation for ICSI was performed using the Mini-Percoll Figure 1 . Schematic representation of the ultrashort and the method (Ord et al., 1990) . A 1 ml sample of semen was placed onto modified suppression protocols (day 0: last day of the contraceptive 0.5 ml of 40 and 80% Percoll (Pharmacia, Uppsala, Sweden) solutions pill). HCG ϭ human chorionic gonadotrophin, FSH ϭ follicle stimulating hormone, ICSI ϭ intracytoplasmic sperm injection, and centrifuged for 20 min at 1800 g. The pellet containing the ET ϭ embryo transfer, GnRHa ϭ gonadotrophin-releasing hormone spermatozoa was washed twice in Ham's F10 medium, and the final agonist.
pellet was re-suspended in~0.5 ml of medium.
Sperm retrieval by microsurgical epididymal or testicular sperm aspiration pill was administered from the first day of the menstrual cycle for at Scrotal exploration was performed under local or general anaesthesia least 18 days, with the last pill always taken on a Sunday in the cycle as described previously (Obruca et al., 1995) . After extruding the prior to stimulation (Figure 1) . scrotal contents through a small incision, the epididymis was explored In group I (ultrashort flare-up regimen, n ϭ 30), the stimulation and the tunic incised. The epididymal fluid was aspirated with a protocol was started on day 5 (i.e., Friday) after discontinuation of small pipette through a microsurgical longitudinal incision of the the pill. The GnRHa buserelin acetate (Suprefact; Hoechst, Frankfurt, tubule and scanned for spermatozoa. All MESA procedures were Germany) was administered in a dose of 0.5 mg s.c. for 4 days, performed on the day of oocyte recovery. concomitant with the administration of 150 IU of follicle-stimulating For the retrieval of testicular spermatozoa, testis tissue samples of hormone (FSH, Fertinorm; Serono, Vienna, Austria) i.m. daily 3-4 mm in diameter were excised from the testicle, minced with two beginning on day 6 (i.e. Saturday) until the day before human sterile blades, and incubated in HEPES-buffered Earle's balanced chorionic gonadotrophin (HCG) administration.
salt solution (EBSS) (Medicult, Copenhagen, Denmark). All TESA In group II (modified suppression regimen, n ϭ 30), patients procedures were performed on the day before oocyte collection, and received 0.5 mg s.c. buserelin daily, starting on the last day of the the tissue was kept under liquid paraffin oil in the incubator (Obruca pill (i.e. Sunday), and 150 IU of FSH, starting on day 6 (i.e. et al., 1995) . Saturday), until the day before HCG administration ( Figure 1 ). In the first 12 patients of this group, serum oestradiol and Oocyte handling and ICSI luteinizing hormone (LH) concentrations were measured before Four hours after ovum retrieval, the surrounding cumulus and corona commencing FSH to ensure pituitary suppression [oestradiol Ͻ 40 pg/ cells were removed by short incubation in HEPES-buffered EBSS ml (Ͻ147 pmol/l), LH Ͻ5 mIU/ml]. Patients in both groups received medium containing 100 IU/ml hyaluronidase (Type I-S; Sigma, 7.5 mg prednisolone daily for 1 month beginning on the day of FSH Chemical Co., St Louis, USA) and mechanically by aspiration in a administration (Kemeter and Feichtinger, 1986) . thinned glass pipette. All mature metaphase II oocytes retrieved Follicular development was monitored by transvaginal ultrasound were injected. starting always after 8 days of FSH administration (i.e. Sunday),
The ICSI procedure was carried out on an inverted microscope and 10 000 IU of HCG (Profasi; Serono, Vienna, Austria) were (Diaphot; Nikon, Tokyo, Japan) in combination with two hydraulic administered when the leading follicle was Ͼ16 mm in diameter.
micromanipulators (Narishige, Tokyo, Japan) using the technique Oocyte retrieval was performed 35 h after HCG administration by reported previously (Obruca et al., 1995) . All oocytes were placed ultrasound-guided transvaginal follicle aspiration.
together in a microdrop of HEPES-buffered EBSS medium on the Ovarian response was considered poor and the cycle cancelled if same Petri dish (Falcon 1006; Becton Dickinson, New Jersey, USA) there were fewer than three follicles Ͼ15 mm or in cases of absent the spermatozoa were incubated. A single spermatozoon was aspirated or slow follicular growth. OHSS was graded into three categories into the ICSI pipette (Humagen Fertility Diagnostics, Charlottesville, (mild, moderate and severe) based on clinical and ultrasonographic USA) at ϫ200 magnification. For immobilization, the sperm tail was signs using previously established criteria (Golan et al., 1989) .
broken by pressing and rubbing with the tip of the injecting pipette Because we believe that, given extensive ultrasonographic experience on the bottom of the Petri dish. The immotile but vital spermatozoon and skills, controlled ovarian stimulation can safely be performed was aspirated again into the tip of the ICSI pipette, transferred into without concomitant hormone determination even when GnRH the droplet of the oocytes, and injected gently into the ooplasm of analogues are used (Kemeter and Feichtinger, 1989; Golan et al., the oocyte. 1994) and because ultrasound criteria have been found reliably to Embryo transfer and luteal phase support predict and prevent OHSS in most cases in our IVF programme, we chose not to perform serum oestradiol determinations in this study Fertilization was assessed 18 h after injection, and embryo transfer was performed another 24 h later. Luteal support was given by to limit inconvenience for the patients. in the two groups was compared using the χ 2 -test. A P-value Ͻ 0.05 was considered statistically significant.
The number of metaphase II oocytes obtained and injected none of these studies used methods of micromanipulation, so The occurrence of severe OHSS is an important considera- On the one hand, the high incidence of OHSS in the modified (%) suppression group may be due to a chance phenomenon stimulation varying from 0.6-14% (Rizk and Smitz, 1992) has been reported for patients who underwent IVF treatment for various indications. In contrast, the study group consisted of is shown in Table III. In the ultrashort group, ICSI was preferentially younger and fertile women (i.e. only six couples performed on 188 mature oocytes, 113 of which fertilized presented with an additional tubal factor besides male successfully (60.1%). In the modified suppression group, a infertility) who generally show good ovarian responsiveness total of 207 oocytes treated with ICSI resulted in 115 fertilized to exogenous gonadotrophins and therefore may show a higher oocytes with two pronuclei (56.9%). There were no statistical incidence of OHSS compared to a general IVF population differences in the fertilization and cleavage rates between the with a higher percentage of different female indications. This two groups. The overall fertilization rate of all microinjected aspect may be of increasing importance in the future, since oocytes was 57.7% (228/395) and 61.8% (228/369) of all many couples will be diagnosed with severe male factor intact oocytes.
infertility early in the course of infertility assessment, leading Table IV shows the outcome of ICSI in the two groups. In to an increasing number of young and fertile women undergoing the ultrashort group, a total of 64 embryos was replaced in 22 ovarian stimulation in ICSI treatment cycles. However, this transfers, with an average of 2.9 embryos per transfer. In 10 aspect does not explain the difference between the two study patients, clinical pregnancy was achieved, resulting in three groups regarding the incidence of severe OHSS. In this respect, first trimester abortions and seven live births (five singletons, one explanation could be that we had to gain experience one twin, and one quadruplet). In the modified suppression regarding the characteristics (i.e. also the prevention and the group, a total of 75 embryos was transferred in 27 patient prediction criteria of OHSS) of the new regimen during the transfers, with an average of 2.8 embryos per transfer. Clinical study period. Therefore, one may consider monitoring this pregnancy was achieved in 11 patients, leading to eight unconventional protocol by concomitant oestradiol assays singletons, two twins, and one triplet delivery. The mean during the initial phase of implementation. number of embryos transferred and clinical outcome did not Several studies have investigated the possible effects of differ significantly between the two groups.
GnRHa on the quality of oocytes and the resulting embryos. With routine IVF, the quality of unfertilized oocytes has been Discussion determined primarily by assessment of the oocyte-cumuluscorona complex and by cytogenetic studies (Tejada et al., In addition to maternal age (Navot et al., 1991) , the type of stimulation protocol is a critical determinant of success for 1991; Tavmergen et al., 1992) . Embryo quality has been estimated according to various clinical scores, all of which are infertility treatment, affecting not only the cancellation rate and the occurrence of OHSS but also the number of follicles, essentially based on evaluating the differences in blastomere size and shape and in cytoplasmic fragmentation (Cummins the number of oocytes retrieved and, subsequently, clinical outcome. A recent meta-analysis by Hughes et al. (1992 Hughes et al. ( ) et al., 1986 Puissant et al., 1987; Steer et al., 1992) . Summarizing the available evidence in the literature regarding the ovarian of randomized controlled trials of GnRHa flare-up versus suppression protocols demonstrated similar results concerning effects of GnRHa, Testart et al. (1993) concluded that a direct effect of GnRHa on oocyte and embryo quality has not yet cycle cancellation and clinical pregnancy rates, although a marginal improvement in the mean number of oocytes obtained been demonstrated conclusively. However, Wojcik et al. (1995) recently reported a higher degree of immaturity of unfertilized was reported after the suppression protocols. In contrast, Tan et al. (1994) reported significantly increased probabilities of oocytes after a FSH/GnRHa stimulation regimen in comparison to previous reports. Direct comparisons between short flareconception and live birth after the use of a long protocol. Although this study was retrospective, the data consisted of up GnRHa protocols and long down-regulation protocols have suggested that the short regimen was associated with reduced information on a large sample of 2983 patients. However, fertilization rates and inferior embryo quality (Loumaye et al., in the face of the special design of the modified suppression protocol, not all aspects of our results are representative for 1989) and with a significant increase in the incidence of premature chromosome condensation (Edirisinghe et al., 1992) the group of traditional long GnRHa protocols in general. when compared with prolonged administration of GnRHa.
The removal of the cumulus cells, which is an important References part of the ICSI procedure (Palermo et al., 1992) , now allows
